
STOP 



Early Journal Content on JSTOR, Free to Anyone in the World 

This article is one of nearly 500,000 scholarly works digitized and made freely available to everyone in 
the world by JSTOR. 

Known as the Early Journal Content, this set of works include research articles, news, letters, and other 
writings published in more than 200 of the oldest leading academic journals. The works date from the 
mid-seventeenth to the early twentieth centuries. 

We encourage people to read and share the Early Journal Content openly and to tell others that this 
resource exists. People may post this content online or redistribute in any way for non-commercial 
purposes. 

Read more about Early Journal Content at http://about.jstor.org/participate-jstor/individuals/early- 
journal-content . 



JSTOR is a digital library of academic journals, books, and primary source objects. JSTOR helps people 
discover, use, and build upon a wide range of content through a powerful research and teaching 
platform, and preserves this content for future generations. JSTOR is part of ITHAKA, a not-for-profit 
organization that also includes Ithaka S+R and Portico. For more information about JSTOR, please 
contact support@jstor.org. 



THE BEHAVIOR OF THE CHROMOSOMES IN 
OENOTHERA LATAxO. GIG AS 

CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 128 

Reginald Ruggles Gates 
(WITH PLATES xii-xiv) 

The hybrid which forms the subject of this paper is of peculiar 
interest because one of its parents has double the number of chromo- 
somes possessed by the other, O. lata having usually 14 chromosomes 
and O. gigas 28. Very few cases of this sort are known, either in 
plants or animals. But a further complication arises in the fact 
that O. gigas is known to have originated from O. Lamarckiana, 
which also has 14 chromosomes, and O. gigas has in all probability 
attained the tetraploid number by a duplication of the chromosome 
set present in O. Lamarckiana. 1 Then if fertilization took place in 
the ordinary manner, the hybrid O. lataXO. gigas would be expected 
to have 21 chromosomes, 7 derived from the lata egg and 14 (which 
is probably a double set of Lamarckiana chromosomes) derived from 
the male cell of gigas. Under these circumstances, the behavior of 
the chromosomes in the hybrid, especially during the period of reduc- 
tion and germ-cell formation, is a matter of especial interest. 

The general results regarding chromosome numbers and distri- 
bution were obtained some time ago, and a brief statement was pub- 
lished (10), but the cytological evidence is here presented for the 

1 I have discussed this matter in another paper to appear in the Archivfiir Zell- 
forschung. DeVries in a footnote to a recent paper (5) considers it an important 
question whether the doubling in O. gigas is accomplished through a longitudinal or 
a transverse splitting. In all the cases, of which I am aware, of chromosome multipli- 
cation under experimental conditions without nuclear division (Boveei 4, Lillie 23), 
the chromosomes evidently divide longitudinally as in ordinary somatic mitoses so 
that it seems probable that the division in O. gigas has also been longitudinal (on the 
very probable assumption that it occurred after fertilization). This view is further 
supported by the fact that the chromosomes of O. gigas show no apparent change in 
size or shape from those of O. Lamarckiana. If the division had been transverse, such 
a change might perhaps be expected. It is not impossible that in Drosera longifolia, 
which has 40 small chromosomes (Rosenberg 31), while D. rolundifolia has 20 
larger ones, there has been a transverse split of the D. rolundifolia chromosomes. 
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first time. Many of the drawings for these figures were completed 
about two years ago, but my interest in other phases of this work has 
postponed their publication until now. The earlier stages of reduc- 
tion in Oenothera, up to the end of the heterotypic mitosis, have 
already been described in detail (n), so that this paper will deal 
chiefly with the later stages, beginning with the metaphase of the 
heterotypic mitosis. 

The plants from which these studies were made were grown at 
Wood's Hole, Mass., in 1905 and 1906, from seeds of DeVries. 
The results show that in some cases the number of chromosomes is 
undoubtedly 21, while in one individual it was 20. 2 The number is 
undoubtedly constant in an individual, however, as shown by a 
large number of counts, which demonstrated constantly 20 in one 
case and 21 in the other. 

The external characters were not studied with sufficient care at 
that time to describe them accurately, but from my notes they appear 
to have been intermediate between 0. lata and O. gigas. DeVries 
has described in a recent paper (5) the hybrids of O. gigas with other 
forms. I have called attention elsewhere to the fact that the behavior 
of O. gigas in hybridization, as well as its number of chromosomes, 
places it in a different category from the other mutants of O. Lamarcki- 
ana. DeVries finds that O. gigasXO. Lamarckiana forms a con- 
stant race intermediate between the parents, at least to the second 
hybrid generation. O. gigasXO. Lamarckiana, O. Lamarckiana 
XO. gigas, O. gigasXO. brevistylis, O. gigasXO. rubrinervis, and 
O. rubrincrvisXO. gigas, all give constant hybrid races which are 
externally alike in all these crosses. O. lalaXO. gigas, however, 
gives in the Fi two types, about 50 per cent, of each; type I inter- 
mediate between O. lata and O. gigas, type II intermediate between 
O. Lamarckiana and O. gigas. These presumably would all have 
about 21 chromosomes. There were 133 plants in the culture of 
this hybrid in 1907 and a smaller number in 1908. 

Miss Lutz (24) from a study of 40 individuals of O. lataXO. gigas 

finds more complex conditions in this cross, though apparently she 

2 In my first paper (8) this individual was thought to be O. lataXO. Lamarckiana, 
but was afterward found to be derived from fertilization by foreign gigas^ pollen, this 
particular seed package not having been guarded as was supposed when the seeds 
were planted. 
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has failed clearly to recognize the types included in her class III. 
She divides the offspring into three classes. Class I has the characters 
of pure O. lata, and the two individuals which appeared are each 
said to have 15 chromosomes. 3 Class II consists of 0. gigas plants 
having about 30 chromosomes. There were six of these plants, and 
their presence cannot be accounted for by the ordinary methods of 
fertilization. If the 0. gigas male cell united with two O. lata nuclei 
in the embryo sac, this would account for the origin of the O. gigas 
number of chromosomes. But Geerts (12, 13) finds that the 
embryo sac of Oenothera contains only four nuclei, the egg, two 
synergids, and one polar nucleus, so that the possibilities here are 
more limited than in an 8-nucleate sac. 4 The class III of Miss Lutz 
apparently includes both the types of DeVries's cross, but they are 
not characterized so that a comparison can be made. 

These interesting facts all show that there is still much to be 
explained regarding O. gigas and its hybrids. In the paper already 
referred to, I have shown that, in all the tissues examined, the cells 
are larger in O. gigas than in O. Lamarckiana, though the percentage 
of increase varies in different tissues. The production of the tetra- 
ploid number of chromosomes results in larger nuclei and larger cells, 
and this in turn in many cases produces larger organs. Certain 
changes which are found in the relative dimensions of the cells will 
account for the altered shape of certain organs. Thus the differences 
between O. Lamarckiana and O. gigas can probably be analyzed 
into two factors, (1) increased size of the cells, and (2) altered relative 
dimensions of the cells in certain cases. The former undoubtedly 

3 The presence of pure O. lata in this cross strongly suggests apogamy in this 
mutant, and it seems not unlikely that a condition exists resembling in part that found 
by Rosenberg (32) in Hieracium excellens, in which part of the embryo sacs are 
developed after normal reduction processes and require fertilization, while occasionally 
embryo sacs are produced without reduction (apogamously or aposporously), in 
which case the egg develops without fertilization. I hope to test this hypothesis 
experimentally this summer. 

4 Whether an individual with the tetraploid number of chromosomes would have 
the O. gigas characters, owing to its number of chromosomes rather than their source, 
is a question I have considered in a forthcoming paper (footnote 1). The view that 
the number is the main factor is supported, perhaps, by the fact that all the mutants 
of O. Lamarckiana experimented with (except O. lata which is peculiar in its crosses), 
when crossed with O. gigas give a constant hybrid of the same type in every case. 
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results directly from the doubling of the chromosome number; at 
least the double number of chromosomes and the larger size of cells 
occur simultaneously. Whether the latter is a necessary consequence 
upon the increase in cell size and a resulting change in cell relations, 
or is due to an independent factor, is uncertain. It should be said 
that characters, such as leaf shape, which might be accounted for 
by a change in the relative dimensions of the cells (though I have not 
as yet made measurements of the leaf cells to determine this), are 
extremely variable, and it seems not unlikely that this extreme varia- 
bility may result from variation in cell dimensions consequent upon 
the readjustment to the double chromosome number. 

DESCRIPTION 

The cytological account will begin with the telophase of the 
heterotypic mitosis in the pollen mother cell. The ten figures in 
plate XII are from the plant having 20 chromosomes, and were drawn 
on a smaller scale than those of the other two plates. At this stage 
the chromosomes can be counted with perfect accuracy. A large 
number of counts of this telophase show that 10 chromosomes enter 
each daughter nucleus. In a number of cases 10 were counted at each 
end of the same spindle. In several instances n were found in one 
of the daughter groups, and in a few cases it was possible to show that 
the corresponding daughter group contained only 9 chromosomes. 
In this plant, then, there are 20 chromosomes which segregate into 
two groups of 10 each in the reduction division, one chromosome 
occasionally going to the wrong group. Counts of somatic cells, 
made long ago in tissues of the anther, also showed that 20 chromo- 
somes were present. 

The material from which the figures in plate XII were drawn was 
subjected to an exceptionally high temperature in the process of 
imbedding, and in a few cases this has apparently affected the shape 
of the viscous chromosomes. Figs. 7-5 are early telophases before 
the formation of a nuclear membrane. In fig. 1 the chromosomes 
nearly all show their bivalent nature, and in most of them the two 
halves are dumb-bell shaped. This clubbing of the chromosomes 
at the ends is a common phenomenon both at this time and in the 
telophase of the homotypic and somatic mitoses. I have already 
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referred to these appearances in an earlier paper (9, p. 19). In fig. 2 
the chromosomes are more irregular in shape, and their bivalent 
character is not so evident. There are 11 chromosomes in the 
daughter group, and examination of the adjacent sections showed that 
there were 9 and no more at the other end of the spindle. The 
globular black bodies seen in the figure are frequently found scattered 
near the periphery of the cytoplasm. They stain like chromatin 
with Haidenhain's iron alum hematoxylin, but their chemical 
nature is unknown. Figs. 3-5 each show 10 chromosomes. Fig. 6 
is a telophase with n chromosomes, the next section showing 9 at 
the other end of the spindle. Fig. 1 is an exact polar view, the 
other figures being more or less oblique cuts of the spindle, but the 
spindle fibers are not represented. Figs. 7, 8 are somewhat later 
stages in side view, soon after the nuclear membrane is formed. Ten 
chromosomes are present in each. In figs, g, 10 are shown in outline 
the loop-shaped chromosomes of two somatic cells. Each has 20 
chromosomes. The cells are from the middle layers of the anther 
wall. 

Plates XIII and XIV deal with plants having 21 chromosomes. 
Fig. j 7 is a side view of the heterotypic spindle, showing 20 or 21 
chromosomes. It is usually difficult to count the chromosomes 
exactly at this time in a side view of the spindle, on account of the 
close aggregation of some of them, and the presence of spindle fibers. 
The chromosomes are almost never regularly oriented in an equatorial 
plate on the heterotypic spindle. An examination of the literature 
shows that in most plants and animals a flat equatorial plate is formed 
in the metaphase of this mitosis as in other mitoses, although a few 
forms constitute exceptions. But the homotypic mitosis in Oenothera 
has always a very definite equatorial plate, in which the chromosomes 
are oriented in a single plane. There can be little doubt that the 
irregularities in chromosome distribution arise from this failure of 
the chromosomes to be regularly paired and oriented on the heterotypic 
spindle. The irregularities in distribution certainly arise at this time. 

I have recently confirmed practically all the events of reduction 
by a study of the wild 0. biennis, so that this account of reduction 
applies to the genus Oenothera in general and is not the result of 
mutative conditions. This will be referred to again later. 
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Fig. 12 is another cell in telophase. One nucleus is uncut, show- 
ing 10 bivalent chromosomes. The other was sectioned by the knife. 
Fig. i j shows ii chromosomes and a number of very small nucleoli. 
Usually only one or two larger nucleoli are present. In fig. 14 there 
are 12 bivalent chromosomes. In such cases 9 appear at the opposite 
end of the spindle. Figs. 17, 18 are very early telophases just after 
the nuclear membrane has been formed. The daughter nuclei grow 
very quickly to the size of figs, ig, 20, each of which shows 1 1 bivalent 
chromosomes, while in the nucleus represented in fig. 21 there are 
only 9. In general I have found that the nucleus having 9 chromo- 
somes is likely to be appreciably smaller than one having 11. Evi- 
dently the amount of karyolymph secreted by a nucleus is a function 
of its number of chromosomes. This is also shown by the many cases 
of single chromosomes left behind in the cytoplasm and forming small 
nuclei during reduction, as observed in various forms, especially in 
hybrids. 

These drawings of telophases are nearly all from nuclei which are 
uncut by the knife in sectioning. The sections are usually 10 /* thick, 
so that in a majority of cases the nucleus is completely contained in 
one section. The nuclear membrane is conspicuous; hence by 
focusing it can be determined with certainty that the membrane is 
uncut and that the contents of the nucleus are intact. All the nuclei 
in which counts have been made have been first shown to be intact 
in this manner. Moreover, whenever the chromosomes in both 
daughter nuclei could be counted, their sum was invariably found to 
be 21, whether 10+ 11 or, as occurred in a few cases, 9+12. 

There are a number of interesting features about the telophase, 
which I have studied with particular care. In the first place it is in 
the best stage for counting the chromosomes with absolute accuracy, 
and is even better than diakinesis, because of the reduced number 
of chromosomes. In my last paper on reduction ( 1 1) I showed that 
pairing before the reduction division only takes place to a limited 
extent, and that the shapes characteristic of heterotypic chromosomes 
are therefore usually absent at this time, as will be seen from figs. 
26-34 °f the paper referred to. During the period of interkinesis, 
however, the entire chromosomes of the heterotypic mitosis having 
split to form bivalents in which the two parts are closely held together, 
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show the characteristic X, Y, V, H, K shapes, etc. (See figs. 12-14, 
19-21) 

A large number of counts of the chromosomes were made in these 
telophases, and it was found that the numbers 10 and 11 occurred 
with approximately equal frequency, while the numbers 9 and 12 were 
only occasional. Every single case which was admitted as a count 
could be determined with absolute certainty as a case in which there 
were, for instance, just 10 chromosomes, no more and no less. 

In the anaphase of the heterotypic mitosis, the chromosomes as 
they pass to the poles are nearly globular or somewhat elongated in 
shape, and are at first closely massed at the poles of the spindle. 
There is considerable variation in the time of appearance of the split in 
these chromosomes, though they usually appear bivalent in the early 
telophase. They appear to come into actual contact at this time, 
forming a compact group, but never fusing or uniting. They very 
soon begin to separate, however, and as they do so nuclear sap appears 
between and to a lesser extent around them. Then the nuclear 
membrane appears where the karyolymph comes in contact with 
the cytoplasm. The nucleus so formed is at first very small, but 
grows rapidly to its full size by the increase in nuclear sap. 

Lawson (20) has described this process in detail in Passiflora 
coerulea. He found that the chromosomes fused into a single mass 
in the telophase, and that the karyolymph begins to be secreted 
within this chromatic mass and later comes to surround it. The 
cytoplasm, coming in contact with the karyolymph, forms the nuclear 
membrane, which is therefore the limiting membrane of the cyto- 
plasm, just as is the tonoplast of a vacuole. It is undoubtedly true 
that the nuclear membrane is formed where the karyolymph comes 
in contact with the cytoplasm, although it must remain uncertain 
whether the karyolymph is secreted by the chromosomes or merely 
attracted and accumulated about them from the cytoplasm. There 
must be extremely little if any cytoplasm included in the nucleus so 
formed, because the nuclear membrane appears close about the 
chromosome group when the chromosomes are still almost in contact. 
This supports Gregoire's observations (14, 15), that the structural 
contents of the resting nucleus are formed wholly from the chromo- 
somes, and there can be no doubt, in this case at least, that the 
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daughter nucleus is formed entirely from the chromosomes and the 
karyolymph in which they float. This is to me a strong observational 
evidence of chromosome continuity. 

Unlike Lawson's description for Passiflora coerulea, the chromo- 
somes in Oenothera certainly do not fuse in the telophase of the 
heterotypic mitosis, but maintain their separate identity completely 
at first, and usually more or less completely thoughout the period of 
interkinesis. Occasionally stages are found which indicate that they 
string out and anastomose to some extent during a late stage of 
interkinesis, partly losing their sharp boundaries, but this stage 
apparently does not very often occur. 

Nucleoli may be formed de novo in these daughter nuclei, as I 
have described previously (8, p. 93). The chromosomes in this 
telophase are all clearly bivalents, in which the halves are closely in 
contact. I have examined thousands of nuclei in this stage and 
have never seen the halves other than more or less closely in contact. 
On the other hand, it is universally true in my observations that no 
two chromosome bivalents are ever found in contact. Not only is 
this the case, but they are invariably distributed at approximately 
equal distances from each other, just within the nuclear membrane. 
I have never seen an exception to this in any Oenothera studied. 
The position of the chromosomes might be explained by supposing 
that they are attached to the nuclear membrane from the first, and 
are thus carried outward as the nucleus grows. 5 In many cases the 
chromosomes appear actually to be attached to the nuclear membrane, 
or at least to be lying very closely against it. This, however, leaves 
unexplained the fact that the chromosomes are never in contact with 
each other at this time, and further that they are very generally 
placed at approximately equal distances from each other, just within 
the nuclear wall. All these facts point to the supposition that the 

s It might also be supposed that in the dehydration processes preparatory to 
mounting, the chromosomes would be drawn against the nuclear membrane. But 
in such a case one would undoubtedly find the chromosomes occasionally massed on 
one side of the nucleus or irregularly placed, instead of being always at regular inter- 
vals about the periphery. From the regularity of their placing I have no doubt that 
the chromosomes occupy their original positions within the nucleus, and there is no 
indication that they are ever disturbed by the processes of fixation, imbedding, and 
staining, when properly carried out. 
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chromosome bivalents are mutually repelled. It is true that in the 
early telophase the chromosomes form a close group, so that they 
certainly cannot be repelled at that time, but may be attracted. 
However, the medium in which bodies float frequently changes their 
qualities of attraction and repulsion, and it appears that the repul- 
sion first develops after the appearance of the karyolymph in which 
the chromosomes float. The facts all suggest that the chromosome 
bivalents mutually repel each other at this time, while the halves of 
these are held together, probably by attraction. 

The studies of Wilson (37) and others on insect chromosomes 
show that there are selective attractions between certain chromo- 
somes at the time of synapsis or at some other period of meiosis. 
These of course require something more specific than electromag- 
netic forces to explain them. 

Fig. 22 shows one of the nuclei of a pollen mother cell in the pro- 
phase of the homotypic mitosis. Eleven chromosomes are present, 
having the same bivalent structure as in the telophase of the previous 
mitosis. Both nuclei always go through the various stages of the 
second mitosis simultaneously. The method of spindle formation 
has not been studied with great care, but corresponds with the Gladi- 
olus type of multipolar spindle formation (Lawson 19, 21). There 
is no indication of an intra-nuclear network, the spindle being wholly 
extra-nuclear in origin. A portion of the weft of fibers surrounding 
the nuclear membrane remains in situ when the latter disappears, 
forming a close meshwork, against which the chromosomes lie. The 
fibers then rearrange themselves; the fibrillae from the cones already 
formed come in and become attached to the chromosomes; finally 
the spindle becomes bipolar by the rearrangement of the fibers forming 
the cones. 

The numerous papers on spindle formation in angiosperms need 
not be cited here. Among the more recent critical studies of this 
structure may be mentioned that of Berghs (2), who insists that the 
distinction between kinoplasm and trophoplasm will not hold; that 
the spindle results simply from the gradual orientation of the material 
of the cytoplasmic reticulum, and returns to a reticulum after mitosis. 

Sometimes spindle formation begins on one side of the nucleus, 
as in fig. 2j. In such cases the cones of the multipolar spindle may 
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be formed and the nuclear membrane may have disappeared on one 
side of the nucleus before any indication of spindle formation has 
appeared on the other side. 

Fig. 15 is a polar view of the two homotypic spindles in metaphase. 
There are 11 chromosomes on one spindle and 10 on the other. 
Fig. 2$ is another at the same stage, showing 10 chromosomes. In 
fig. 24 the spindles are at right angles and all the chromosomes are 
not shown. In the side view of the spindle some of the chromosomes 
appear like tetrads, owing to their bivalent structure. On the homo- 
typic spindle, before the chromosomes divide, they are very regularly 
oriented in a single plane in the equatorial plate, as in figs. 75, 25. 
This contrasts strikingly with the heterotypic spindle, in which the 
chromosomes are scattered for a considerable distance along the 
long axis of the spindle, so that there is usually no metaphase, strictly 
speaking. 

Fig. 26 is an early anaphase of the homotypic mitosis, showing 
one spindle in side view and one in polar view. In the polar view 
20 chromosomes are found by focusing through a short distance, and 
the remaining 2 are found on the next section. In the side view the 
chromosomes could not all be counted, but presumably there were 
20 after division. Two pale-staining nucleoli still persist in the 
cytoplasm. 

Fig. 16 shows three of the nuclei in the telophase of the homotypic 
mitosis. Many of the chromosomes have a characteristic two-lobed 
or dumb-bell shape. One chromosome is left behind in the cyto- 
plasm, leaving 10 chromosomes each in two of the daughter nuclei. 
This two-lobed shape is a characteristic appearance of the chromo- 
somes in the telophase of somatic mitoses, but presumably bears no 
relation to the next mitosis, because if this were the beginning of a 
split for the next mitosis it would indicate that the division of the 
chromosomes is transverse. But metaphase and anaphase stages of 
somatic mitoses show that the chromosomes divide longitudinally. 
Of course the possibility that the transverse axis of a chromosome 
in telophase should regularly become its longitudinal axis before the 
next metaphase, is not excluded, although this seems unlikely. 

The great difference in the size of the figures made it impossible 
to arrange them in order on the plates. The magnification is the same 
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as in my last paper in this journal (11), so that the figures can be 
directly compared. 

DISCUSSION 

The history of any ontogeny is the history of the transformation 
of chemical metabolism into definite structures, or rather the eventua- 
tion of a series of chemical processes in the production of a series of 
physical structures. Morphologists and cytologists map the succes- 
sion of structures appearing and call it a series of events. They are 
not unmindful, however, that the primary process is the metabolism, 
the structures its by-products, which in turn, so far as they are ca- 
pable of continuing metabolism, produce other structures and, par- 
ticularly in the adult organism, structures like themselves. Similarly, 
the chromosomes of the germ nuclei must be thought of as definite 
aggregations of chemical materials, which initiate or take part in 
certain forms of metabolism. The chromosomes themselves do not 
(at any rate not wholly) control their growth or division, but this is 
more or less subject to the conditions of temperature, etc., in which 
they are placed, as the work of Erdmann (7) and others has shown. 
Similarly, as the complex of physical and chemical conditions in the 
nucleus and cell undergoes changes, the chromosomes change from 
the compact to the alveolate or distributed condition, or vice versa, 
etc. The cytologists who record these events are aware that chemical 
transformations are continually going on, and that the changes in 
visible physical structures are the external concomitant of such chem- 
ical processes. 

Chemical reactions in the test tube, however complex, do not lead 
to the production of any structures more complex than crystals or 
flocculent masses of various sorts. There are indications that living 
matter frequently has the properties of liquid crystals, but why do 
the infinitely more complex reactions of living matter build structures 
of such relative permanency and of tremendous intricacy? The 
problem of individual development, from this standpoint, is the ques- 
tion, How do certain forms of chemical metabolism result in the 
production of certain visible physical structures or characters ? Of 
course, our present microscopic appliances do not permit us to know 
how many structural steps, if any, there may be between the inter- 
acting molecular masses and the finest structures visible under our 
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highest powers, but it is by no means necessary to assume that there 
are such. This digression will indicate to some extent, perhaps, the 
viewpoint of the writer in connection with the cytological aspects of 
this work. 

No attempt will be made to discuss here the literature of reduction, 
only a very few of the recent papers being referred to. The discus- 
sion of matters of cytological detail will be taken up at another time. 

One important matter, which was discussed in a former paper (11), 
concerns the method of chromosome reduction, i. e., whether there 
is a pairing of threads about the time of synizesis and whether the 
spirem afterward breaks into a single series or two parallel series 
of chromosomes. In the paper referred to I established the fact 
(as will be conceded, I think, after a study of figs. 20-32, particularly, 
of that paper) that the spirem breaks into a single and not a double 
chain of chromosomes. The possibility of finding a series of stages 
which really demonstrates this depends on the shape of the chromo- 
somes in Oenothera. They are relatively short and thick, like many 
animal chromosomes, and quite unlike the twisted and tangled 
chromosomes of such forms as Lilium, whose relationships are so 
difficult to interpret. It is a curious fact that so many of the critical 
studies on reduction in plants have been made on forms with long 
narrow chromosomes, although many of the interpretations of critical 
stages can be made with much greater ease and certainty on forms 
having short and stout chromosomes. 

In the paper just referred to, I concluded that the method was 
probably different in different genera, there being a side-by-side 
pairing of threads in some forms (parasynapsis), 6 but an end-to-end 
arrangement of the chromosomes to form a single spirem (telo- 
synapsis) 6 in other forms. Subsequent papers by various investi- 
gators continue to describe both these methods, and the evidence in 
certain cases is so clear that I think there can remain no doubt that 
both these general methods occur in plants. Montgomery concluded 
in 1898 (26) that there are different types of reduction in animals. 

In a recent study of Fucus, Yamanouchi (39) shows clearly that 
at the time of reduction the ragged nuclear reticulum is gradually 
transformed into a single continuous thread, which enters into 
6 These convenient terms follow the usage of Wilson (36). 
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synapsis. This thread then becomes rearranged into regular loops 
converging to one side of the nucleus and forming the "bouquet" 
stage of Eisen (6). This stage is characteristic of many animals, 
in which it has been described by Janssens and Dumez (17), Stevens 
(34> 35)> Marechal (25), and Jordan (18), to mention only a few. 
Each loop is composed of two chromosomes arranged end to end. 
Similarly the spirem in Fucus is made up of the maternal and paternal 
chromosomes arranged endwise in a single thread. This is what I 
have shown to be the case in Oenothera (11), although Oenothera 
has no typical "bouquet" stage, nor has any other angiosperm, so 
far as I am aware, though the second contraction phase, character- 
istic of various forms, probably corresponds to it. Overton (30) 
states that this stage does not occur in the plants with short chromo- 
somes which he has examined, yet it occurs in Oenothera, in which 
the definitive chromosomes are very short and frequently almost 
globular. The second contraction phase is a well-marked stage of 
meiosis in Oenothera. 

I may mention a few of the recent accounts involving an end-to- 
end arrangement of the chromosomes to form the spirem (telo- 
synapsis). Mottier finds (29) that in Podophyllum, Lilium, and 
Tradescantia the two members of each bivalent chromosome were 
not side-by-side in the spirem, representing the halves of the longi- 
tudinally split thread, but were arranged end-to-end in the chromatic 
thread. Lewis (22), in a study of Pinus and Thuja, finds no pairing 
of threads, but cross-segmentation of a single post-synaptic spirem to 
form the chromosomes. Just what relation his fig. 75, which indi- 
cates a reticulum as occurring about the time of chromosome forma- 
tion, bears to the other stages, it is hard to say. Lewis ventures the 
opinion that the second division is probably qualitative, but with a 
manifest lack of evidence to support it. Schaffner (33), in Agave, 
finds bodies which he believes are bivalent prochromosomes, and a 
single spirem which segments to form the twelve bivalent chromo- 
somes. 

Among very recent accounts of reduction which involve a longi- 
tudinal pairing of threads (parasynapsis) may be mentioned that 
of Gregoire (16), with figures involving the critical stages in Lilium, 
Osmunda, and Allium; Yamanouchi (38) in Nephrodium; Over- 
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ton (30) in Thalictrum, Calycanthus, and Richardia. Allen's 
extensive earlier paper on Lilium (1) should also be mentioned. 
Although, in such cases as Lilium, both accounts of reduction are given 
for the same form by different authors, yet the evidence from such 
forms as Nephrodium on the one hand, and Tradescantia, Oenothera, 
and Fucus on the other hand, makes it very difficult to deny that both 
methods occur. A comparison of a wide range of forms whose reduc- 
tion phenomena show many differences, will doubtless lead finally 
to an explanation of the nature and meaning of these differences. It 
is very evident that the time has passed when all the accounts of 
reduction in plants can be brought under a single scheme. The task 
of the future will be to interpret the meaning of the differences 
observed in various forms. Are they matters merely of cell mechanics, 
or are they related to hereditary processes ? It is not impossible 
that correlations will be found between the method of reduction in an 
organism and its type of hereditary behavior. In other words, the 
phenomena of reduction and the distribution of elements during 
meiosis may condition to some extent the hereditary behavior of a 
plant or animal. This is already known to be the case with sex in 
insects. But it does not seem worth while entering into such theoret- 
ical possibilities on the basis of our present knowledge. 

The fact that in this Oenothera hybrid the number of chromosomes 
in the pollen mother cells is the sum of those which enter the fusion 
nucleus at the time of fertilization, is to me clear evidence that each 
chromosome in the germ cells is the genetic descendant of one of the 
chromosomes in the fertilized egg. The work of various investigators 
seems to have established the genetic continuity of chromosomes from 
generation to generation of individuals. The manner in which the 
chromosomes are distributed during reduction in this Oenothera 
hybrid clearly shows that they behave as individuals at this time. 
Wilson's recent account of the supernumerary chromosomes in 
Metapodius (37), a genus of Hemiptera, shows certain points of 
resemblance to the condition in Oenothera. Wilson finds that 
certain chromosomes (the idiochromosomes) may be present in dupli- 
cate, or may even have several representatives in the cells of certain 
individuals, which nevertheless show no external differences, the 
number of chromosomes being fixed for any individual, but varying 
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in different individuals from 21 to 28 according to the number of 
supernumerary chromosomes present. The distribution of the super- 
numeraries during spermatogenesis is also irregular, so that the num- 
ber varies in the different sperm nuclei of an individual. Occasional 
irregularities in the distribution of idiochromosomes during reduction 
were observed in the form having 22 chromosomes, both idiochromo- 
somes passing to the same cell. This is believed to be the origin of 
the variation in different individuals, the supernumeraries being 
merely duplicates of the idiochromosomes. 

Similarly, I have observed occasional irregularities in the chromo- 
some distribution during reduction in nearly all the mutants of 
Oenothera examined, and this doubtless accounts for the different 
numbers of chromosomes found in different individuals, the extra 
chromosomes being duplicates of others already present, and the 
presence of 20 chromosomes in one individual of O. lalaXO. gigas 
being due to the absence of one chromosome from one of the germ cells 
which produced that individual. 

Montgomery (27) first proposed the theory that in synapsis 
homologous chromosomes of maternal and paternal origin pair with 
each other, and much subsequent work, especially with animal 
chromosomes, sustains that view. As I have already shown, pairing 
of Oenothera chromosomes frequently fails to take place, and this 
allows a chance for the irregularities in chromosome distribution 
which occur. Boveri (3, p. 54) has suggested that when there is an 
absence of pairing in synapsis in any organism, its chromosomes are 
hereditarily equivalent. In Oenothera there is clearly a tendency to 
pair, but it is only partly carried out. I have already compared (11, 
p. 25) the behavior of the chromosomes in this hybrid with the con- 
dition described by Rosenberg (31) in the Drosera hybrid having 
10 + 20 chromosomes. The method of segregation of chromosomes 
in the heterotypic mitosis is evidently different in the two hybrids, 
and this was used as an argument in favor of a different method of 
reduction in the two cases. In the Oenothera hybrid the 10-n 
segregation shows that the segregation cannot be between chromo- 
somes of maternal and paternal origin, but it must be remembered 
in this connection that the 14 paternal chromosomes are very prob- 
ably a double set of 7 O. Lamarckiana chromosomes. The regu- 
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larity with which the io-ii segregation takes place, indicates that 
it is not merely a matter of chance, but that some mechanism, perhaps 
connected with the spindle, determines this regularity. A study of 
later generations of this hybrid should throw much light on the ques- 
tion whether the chromosomes of Oenothera are really unlike. 

Morgan (28) has recently shown that in certain phylloxerans, 
in which a generation of winged individuals produces (partheno- 
genetically) sexual males and females, the eggs are of two kinds, the 
female-producing eggs being large and the male-producing eggs 
small. Further, the females thus produced have the same number 
of chromosomes as the parthenogenetic females, while the males 
have two chromosomes less. Thus, in the formation of the polar 
body of the male egg, two extra chromosomes are extruded, so that 
the somatic cells of the male contain two less chromosomes than those 
of the female. Evidently there is here some sex-determining factor 
which antedates the chromosomal differences with the two kinds of 
eggs, and yet the chromosomes are the instruments of this factor, 
for the extrusion of the two chromosomes always precedes the develop- 
ment of the male individual. Studies of this sort will doubtless give 
us clearer notions regarding the respective rdles of chromosomes 
and cytoplasm in heredity. 

In a former paper (n) I suggested that if the chromosomes of 
Oenothera are unlike in their hereditary capacities, then the occa- 
sional irregularities I have described in the chromosome distribu- 
tions on the heterotypic spindle would furnish a possible basis for the 
appearance of a series of types, such as the mutants of O. Lamarckiana. 
I have since studied the reduction phenomena in 0. biennis and 
other types, an account of which will be published later. O. biennis, 
in at least some of its geographical races, appears to be stable under 
ordinary conditions, though MacDougal (24a) has obtained atypical 
forms by injections into its ovaries. The loose and frequently 
unpaired arrangement of the chromosomes in the central region of 
the heterotypic spindle is evidently a delicately adjusted condition 
which can easily be thrown out of balance. Yet in some way the 
balance is ordinarily maintained and is only occasionally deranged 
in such a way that a different chromosome distribution results. It is 
not impossible that the condition of mutation in O. Lamarckiana 
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has arisen through a disturbance by some means of this delicate con- 
dition of balance. 

But it is useless to speculate on such possibilities until it is known 
whether the chromosomes of Oenothera are really unlike, and at 
present there is no evidence in favor of this view except the inferential 
evidence from chromosomes in general. The fact that chromo- 
somes reappear with each mitosis, showing the same differences 
where visible differences exist (except in the cases of amitosis, whose 
status in relation to hereditary processes is not at present understood), 
would seem to favor the assumption that they maintain their identity 
and are unlike. But I need not cite here the general arguments in 
favor of this hypothesis. The more definite evidence, such as that of 
the sex chromosomes in insects, is not necessarily of universal applica- 
tion. 

SUMMARY 

1. 0. lataXO. gigas has 21 chromosomes in its somatic cells, 7 of 
maternal origin (O. lata) and 14 of paternal origin (O. gigas). In 
one individual the number was 20, owing probably to the absence 
of one chromosome from one of the germ cells which produced this 
individual. 

2. These chromosomes segregate at the time of reduction, so that 
in individuals having 21 chromosomes half the germ cells receive 10 
and half 11 chromosomes. In the individual having 20 chromosomes, 
10 enter each germ cell. Occasionally one chromosome goes to the 
wrong pole of the spindle, so that in plants having 21 chromosomes 
a few germ cells are found having 9 or 12 chromosomes and in the 
plant with 20 chromosomes, occasional germ cells have 9 or 11 
chromosomes. This irregularity in chromosome distribution accounts 
for the fact that different individuals in a race in some cases have 
different numbers of chromosomes. 

3. The 10-11 segregation of chromosomes in the formation of the 
germ cells of this hybrid shows that there is not here a pairing and 
separation of homologous chromosomes of maternal and paternal 
origin, but that the segregation tends to be into two numerically 
equal groups. 

4. Evidence from this and other work shows that there are two 
general methods of chromosome reduction in plants, one involving 
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a side-by-side pairing of chromatin threads (parasynapsis) to form a 
double spirem; the other involving an end-to-end arrangement 
(telosynapsis) of the maternal and paternal chromosomes to form 
a single spirem, which may afterward split longitudinally. 

5. The behavior of the chromosomes in Oenothera supports the 
view of their genetic continuity from generation to generation, the 
number present in any individual being always the sum of the chromo- 
somes in the germ cells from which that individual was formed. 

6. If the chromosomes of Oenothera are unlike in their hereditary 
capacities their behavior furnishes a not improbable basis for the 
phenomena of mutation in Oenothera Lamarckiana. But it remains 
to be proven that the chromosomes of Oenothera are of unequal 
hereditary value. 

The University of Chicago 
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EXPLANATION OF PLATES XII-XIV 

The figures were drawn with the aid of a Bausch & Lomb camera and a Zeiss 
apochromatic objective 2 mm , ap. 1.30, particular care being taken to represent 
the chromosomes accurately. The figures in plate XII were drawn with a 
Zeiss compensating ocular 12, those of plates XIII and XIV with ocular 18. All 
are reduced one-fourth in reproduction, which leaves the figures in plates XIII 
and XIV magnified as in my last paper (11) on reduction. 

PLA TE XII 

All figures from the plant having 20 chromosomes. 

Fig. 1. — Early telophase of the heterotypic mitosis in the pollen mother cells 
before formation of the nuclear membrane; 10 chromosomes, all clearly bivalent; 
in many the halves are dumb-bell shape. 

Fig. 2. — Same stage; 11 chromosomes, many irregular; 9 chromosomes at 
the opposite end of this spindle; dark staining bodies in periphery of cytoplasm. 

Fig. 3. — Telophase, showing 10 chromosomes of various shapes. 

Fig. 4. — Telophase, showing 10 chromosomes, most of them clearly bivalents. 

Fig. 5. — Same as fig. 4. 

Fig. 6. — Telophase, showing n chromosomes, with no indication of their 
bivalent character; 9 at opposite end of spindle; apparent size of chromosomes 
in all figures varies to a certain extent according to the depth of stain. 

Figs. 7, 8. — Later telophases, soon after formation of nuclear membrane, each 
showing 10 chromosomes. 

Figs. 9, 10. — Metaphase groups of chromosomes in somatic cells from middle 
layers of anther wall, each showing 20 chromosomes; indications of an arrange- 
ment of the chromosomes in pairs. 
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PLATE XII! 

Figures in plates XIII and XIV from plants having 21 chromosomes; not 
numbered in developmental order. 

Fig. 11. — Heterotypic spindle in side view, showing 20 or 21 chromosomes, 
not forming an equatorial plate, but loosely aggregated in the median region of the 
spindle; cf. fig. 75. 

Fig. 12. — Telophase of heteroptypic mitosis, showing both daughter nuclei; 
one, uncut, shows 10 chromosomes. 

Fig. 13. — Telophase, showing 11 chromosomes and a number of very small 
nucleoli; an unusual condition, probably due to the failure of the nucleoli to 
fuse at an earlier stage. 

Fig. 14. — Telophase, showing 12 bivalent chromosomes, lying closely against 
the wall, tipped at various angles to the plane of view, which gives them a variety 
of appearances; an exceptional case, in which one chromosome too many has 
passed to the end of the spindle; 9 at opposite end; 2 nucleoli. 

Fig. 15. — Metaphase of homotypic mitosis in polar view, showing equatorial 
plates of chromosomes, 10 chromosomes on one spindle and 11 on the other; 
cf. fig. 11. 

PLATE XIV 

Fig. 16. — Telophase of homotypic mitosis, showing three daughter nuclei; 
one chromosome left behind in the cytoplasm, leaving 10 chromosomes each in 
two of the daughter nuclei; many chromosomes show characteristic dumb-bell 
shape. 

Figs. 17, 18. — Very early telophase of the heterotypic mitosis, just after the 
nuclear membrane has been formed around the daughter nuclei; one shows 10 
bivalent chromosomes, the other 11. 

Figs. 19, 20. — Telophases, each showing 11 bivalent chromosomes. 

Fig. 21. — Telophase with 9 chromosomes only. 

Fig. 22. — Prophase of the homotypic mitosis, showing 11 bivalent chromo- 
somes, which have the same appearance as in the previous telophase; nuclear mem- 
brane just broken down, its position still occupied by a weft of fibrillae, against 
which the chromosomes lie; cones of the multipolar spindle forming. 

Fig. 23. — Same stage as fig. 22; a less common condition, in which spindle 
formation begins on one side of the nucleus; 10 chromosomes, only a few of 
which show bivalent character. 

Fig. 24. — Metaphase of the homotypic mitosis, showing one spindle in side 
view and the other in polar view; chromosomes not all shown. 

Fig. 25. — Equatorial plate of homotypic spindle, showing 10 chromosomes 
in a single plane, few showing their bivalent character. 

Fig. 26. — Early anaphase of homotypic mitosis, after division of the chromo- 
somes; one spindle in side view, showing only part of the chromosomes (probably 
20 in all); the other spindle in polar view, showing 20 chromosomes (two more 
are on this spindle in the next section); 2 nucleoli in the cytoplasm near the 
spindles. 



